of its one-dimensional nature and ultra- 
small diameter. In the initial approach, 
similar architecture was used as that of a 
SWNT-Schottky diode that has been de- 
veloped at JPL, and has its changing 
conductivity measured as the test cham- 
ber is pumped down from atmospheric 
pressure to high vacuum (10~ 7 Torr). 
Continuous response of decreasing con- 
ductivity has been measured as a func- 
tion of decreasing pressure (SWNT is a 


negative thermal coefficient material) 
from atmosphere to <L0~ 6 Torr. A mea- 
sureable current change in the hun- 
dreds of nA range has been recorded in 
the 10" 6 Torr regime. 

T his work was done by H arish M anohara 
and Anupama B. Kaul of Caltech for NASA's 
Jet Propulsion Laboratory. For more informa- 
tion, contact iaoffice@jpl.nasa.gov. 

in accordance with Public Law 96-517, 
the contractor has elected to retain titletothis 


invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
InnovativeTechnologyA ssets M ana gemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-45383, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


@Wide-Field Optic for Autonomous Acquisition of Laser Link 

This system has application in conventional wide-angle imaging such as low-light cockpit imag- 
ing, and in long-range motion detection. 

NASA'sJet Propulsion Laboratory, Pasadena, California 
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(a) The custom optical design and ray-trace of the Wide-Field Optical Assembly; and (b) a Conceptual Op- 
tomechanical Design for holding the optical components and providing interface to the focal plane array 
(FPA). The collected light is substantially collimated prior to being passed through the spectral filter. 


An innovation reported in "Two- 
Camera Acquisition and Tracking of a 
Flying Target," NASA Tech Briefs, Vol. 32, 
No. 8 (August 2008), p. 20, used a com- 
mercial fish-eye lens and an electronic 
imaging camera for initially locating 
objects with subsequent handover to an 
actuated narrow-field camera. But this 
operated against a dark-sky back- 
ground. An improved solution involves 
an optical design based on custom opti- 
cal components for the wide-field opti- 
cal system that directly addresses the 
key limitations in acquiring a laser sig- 
nal from a moving source such as an air- 
craft or a spacecraft. 

T h e f i rst ch al I en ge was to i n crease th e 
light collection entrance aperture diam- 
eter, which was approximately 1 mm in 
the first prototype. The new design pre- 
sen ted h ere i n creases th i s en tran ce aper- 
ture diameter to 4.2 mm, which is equiv- 
alent to a more than 16 times larger 
collection area. One of the trades made 
in realizing this improvement was to re- 
strict the field-of-view to -+80° elevation 
and 360° azimuth. Thistradestemsfrom 
practical considerations where laser 
beam propagation over the excessively 
high air mass, which is in the line of 
sight (LOS) at low elevation angles, re- 
sults in vulnerability to severe atmos- 
pheric turbulence and attenuation. An 
additional benefit of the new design is 
that the large entrance aperture is main- 
tained even at large off-axis angles when 
the optic is pointed at zenith. 

The second critical limitation for im- 
plementing spectral filtering in the design 
was tackled by collimating the light prior 
to focusing it onto thefocal plane. T h is al- 
lows the placement of the narrow spectral 
filter in the collimated portion of the 


beam. For the narrow band spectral filter 
to function properly, it is necessary to ad- 
equately control the range of incident an- 
gles at which received light intercepts the 
filter. When this angle is restricted via col- 
limation, narrower spectral filtering can 


be implemented. The collimated beam 
(and the filter) must be relatively large to 
reduce the incident angle down to only a 
few degrees. In the presented embodi- 
ment, the filter diameter is more than ten 
times larger than the entrance aperture. 
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Specifically, the filter has a clear aperture 
of about 51 mm. 

The optical design is refractive, and is 
comprised of nine custom refractive ele- 
ments and an interference filter. The re- 
stricted maximum angle through the 
narrow-band filter ensures the efficient 


use of a 2-nm noise equivalent band- 
width spectral width optical filter at low 
elevation angles (where the range is 
longest), at the expense of I ess efficiency 
for high elevations, which can be toler- 
ated because the range at high elevation 
angles is shorter. The image circle is 12 


mm in diameter, mapped to 80x360° of 
sky, centered on the zenith. 

This work was done by Norman A. Page, 
JeffreyR. Charles, and Abhijit Biswas of Cal- 
tech for NASA's Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(seepagel). NPO-46945 


@ Extracting Zero-G ravity Surface Figure of a M irror 

NASA's Jet Propulsion Ldboratory, Pasadena, California 


The technical innovation involves re- 
finement of the classic optical tech- 
nique of averaging surface measure- 
ments made in different orientations 
with respect to gravity, so the effects of 
gravity cancel in the averaged image. 
Particularly for large, thin mirrors sub- 
ject to substantial deformation, the fur- 
ther requirement is that mount forces 
must also cancel when averaged over 
measurement orientations. The zero- 
gravity surface figure of a mirror in a 
hexapod mount is obtained by analyz- 
ing the summation of mount forces in 


the frame of the optic as surface metrol- 
ogy is averaged over multiple clockings. 
This is illustrated with measurements 
taken from the Space Interferometry 
Mission (SIM) PT-MI mirror for both 
twofold and threefold clocking. The 
positive results of these measurements 
and analyses indicate that, from this 
perspective, a lighter mirror could be 
used; that is, one might place less re- 
liance on the damping effects of the el- 
liptic partial differential equations that 
describe the propagation of forces 
through glass. 


The advantage over prior art is relax- 
ing the need for an otherwise substantial 
thickness of glass that might be needed to 
ensureaccu rate m etro I ogy i n th e absen ce 
of a detailed understanding and analysis 
of the mountforces. The general insights 
developed here are new, and provide the 
basic design principles on which mirror 
mount geometry may be chosen. 

T his work was done by Eric E. Bloemhof, 
Jonathan C. Lam, V. Alfonso Feria, and Zen- 
sheu Chang of Caltech for NASA's Jet Propul- 
sion Laboratory. For more information, con- 
tact iaoffice@jpi.nasa.gov. NPO-47259 
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